Chronic oral intake of morphine sulphate leads to tolerance toward intestinal action and reduced nutritional uptake. The mechanism involved in this tolerance was clarified by studying the levels of intestinal cellular macromolecules and activities of intestinal membrane-bound key enzymes connected with the transport of nutrients. In vivo intestinal absorption of [14C]glucose and [14C]glycine was examined to study the precise relationship between involvement of enzymes and transport of these labelled nutrients. Male Wistar rats were made morphine dependent. The levels of carbohydrates and glycogen and activities of adenosine triphosphatase, Na+K+-dependent ATPase, and alkaline phosphatase were decreased in the morphine-treated rats. This altered enzyme activity concurred well with the absorption of labelled nutrients and was reflected in the cellular macromolecular levels of carbohydrates and glycogen. Results from this study indicate that animals develop tolerance through DNA, RNA, and protein synthesis and altered nutritional uptake through defective enzyme machinery, thus explaining the adverse effect of morphine sulphate.
Summary
Chronic oral intake of morphine sulphate leads to tolerance toward intestinal action and reduced nutritional uptake. The mechanism involved in this tolerance was clarified by studying the levels of intestinal cellular macromolecules and activities of intestinal membrane-bound key enzymes connected with the transport of nutrients. In vivo intestinal absorption of [14C]glucose and [14C]glycine was examined to study the precise relationship between involvement of enzymes and transport of these labelled nutrients. Male Wistar rats were made morphine dependent. The levels of carbohydrates and glycogen and activities of adenosine triphosphatase, Na+K+-dependent ATPase, and alkaline phosphatase were decreased in the morphine-treated rats. This altered enzyme activity concurred well with the absorption of labelled nutrients and was reflected in the cellular macromolecular levels of carbohydrates and glycogen. Results from this study indicate that animals develop tolerance through DNA, RNA, and protein synthesis and altered nutritional uptake through defective enzyme machinery, thus explaining the adverse effect of morphine sulphate. nonpropulsive contractions in some species while inhibiting intestinal motility in others [2] . However the precise relationship between intestinal transit and motility is poorly defined [3] . With regard to the gastrointestinal tract, the responses to the repeated administration of morphine are not clear. Tolerance to the effects of morphine on intestinal contractions in vivo appears to develop. On the other hand, results of studies on the development of tolerance to the intestinal actions of morphine in viva are meager and conflicting [4] . In the present study, therefore, we sought to clarify the mechanism underlying this tolerance by examining the levels of intestinal cell macromolecules as well as the activities of intestinal membranebound key enzymes involved in the transport of nutrients.
MATERIALS AND METHODS
Male Wistar rats weighing 120-150 g were addicted to morphine sulphate (Tamilnadu Dadha Pharmaceuticals, India) by oral treatment with morphine sulphate at a dose of 50 mg/kg body weight given in their drinking water as described by Badawy et al [5] . Morphine-treated and control animals were allowed access to food and water ad libitum. After 21 days the morphine-treated rats were divided into two groups. In the first group the in vivo absorption of
[14C]glucose and [14C]glycine (Babha Atomic Research Centre, Bombay, India) was assessed by the perfusion technique described by Summers et al. [6] . Experimental and control rats were fasted overnight to reduce intestinal solid matter. The animals were anesthetized by intraperitoneal injection of sodium phenobarbitone (50 mg/kg body weight). The abdomen was then opened by a midline incision, and the common bile duct was ligated and an outlet cannula was inserted at the terminal ileum. The entire small intestine was perfused at a constant rate (0. . Original radioactivity before perfusion was also measured. The intestinal measurements of absorption were carried out by the method of Lal and Schedl [7] . In the second group, rats were sacrificed by decapitation, after which the intestinal tissue was removed and used for the estimation of membrane-bound enzymes such as total ATPase and Na+ K+-dependent ATPase, assayed by the method of Evans [8] , and alkaline phosphatase, by the method of Moog [9] . Cellular levels of macromolecules such as carbohydrates and glycogen [10] , protein [11] , RNA [12] , and DNA [13] were also estimated. The data were statistically analyzed, and Student's t-test was used to compare the means of two groups. [14C]glycine. A gradual increase in the absorption of both radiolabels was observed up to 30 min, followed by a steady decrease in the intestinal absorption, in both control and morphine-treated animals. However, the absorption of these labelled nutrients was less at all times in the treatment group compared with that in the control. Table 1 shows the intestinal cell levels of macromolecules of the two groups of rats. The carbohydrates and glycogen levels were found to be significantly decreased (p <0.01) in the morphine-treated rats when compared with those in the control. In contrast, significant increases were noted in the levels of protein and RNA (p<0.01) and DNA (p <0.001) in the addicted rats. The adverse effect of morphine on rat intestine was further supported by a significant reduction (p < 0.01) in the activities of enzymes such as total ATPase, Na+ K+-ATPase, and alkaline phosphatase (Table 2) .
DISCUSSION
The intestinal absorption of nutrients is carrier mediated and energy dependent [14] . Involvement of alkaline phosphatase in the intestinal transport was reported by Rosenberg and Scriver [15] and Riecken et al [16] . Similarly, Sengupta et al observed that the inhibition of the ATPase group of enzymes by d9-tetrahydro cannabinol in the gastrointestinal tract may result in the defective absorption of dietary materials, thereby leading to a condition of under nutrition [17] . Also, Sekar et al observed that the administration of codeine decreased the activity of alkaline phosphatase and ATPase [18] , which results are in accordance with those of Subramanian et al., who found significant inhibition of carbohydrate and glycogen synthesis during Ochratoxin A toxicosis [19] . Paola et ai. demonstrated that morphine-induced reduction in motility was centrally mediated and occurred through involvement of ,u-opioid receptors [2] . The enhanced level of protein at the end of 21 days establishes the fact that the development of tolerance to morphine after chronic administration is developed due to synthesis of more protein [20] . Cohen et al first demonstrated that actinomycin-D, an inhibitor of RNA synthesis, could retard the development of tolerance to morphine in mice and rats [21] . Subsequent studies on inhibitors of protein synthesis, such as cycloheximide, puromycin and mercaptopurine, also showed inhibition of tolerance by these inhibitors [20] . The observed reduction in RNA synthesis on acute treatment and the subsequent enhancement of RNA synthesis on chronic administration of morphine indicate the preliminary RNA inhibition is a transient one. Hence, the chronic treatment causes a shift towards synthesis of a more stable, heavier RNA. Similarly, enhanced in vivo DNA synthesis of neonatal brain cells during morphine administration was noticed by Kornblum et al [22] . A decrease in the specific activity of DNase and RNase during chronic morphine treatment was suggested to cause the increased content of DNA and RNA [23] . Hence it may be inferred that the tolerance developed is nothing but the consequence of the action of a defense mechanism against morphine involving the activation of replication, transcription, and protein synthesis. The main observation to be stressed at this juncture is that the chronic administration of morphine affects intestinal enzyme machinery, thereby decreasing the absorption of glucose and glycine. On the other hand, development of tolerance is inevitable during chronic morphine administration which is due to the enhanced synthesis of protein, DNA, and RNA. From the above observations, we conclude that morphine sulphate, a narcotic analgesic, exerts its constipating effect by inhibiting the intestinal transit via inhibition of the enzyme machinery and exerts tolerance through enhanced protein, RNA, and DNA synthesis. 
